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Edge-styrene graphitic nanoplatelets (StGnPs) were prepared by the in-situ mechano-
chemical reaction between graphite and styrene without additional chemical reaction (e.g.
functionalization). The resultant StGnPs exhibited excellent properties including good
dispersibility in organic solvents, to use an efficient reinforcing additive for polystyrene
(PS) that is one of the most widely used plastics. StGnP/PS nanocomposites were prepared
easily via a facile solution process method. Compared to pure PS, the StGnP/PS nano-
composites exhibited significantly enhanced mechanical properties (e.g., tensile strength,
yield strength, Young's modulus, and tensile toughness) along with improved thermal
stability. The StGnP/PS nanocomposites showed efficient load transfer from the PS matrix
to the StGnPs because of the good dispersibility and compatibility of the StGnPs in the PS
matrix. And also, the mechanochemical reaction showed that GnPs having remarkable
compatibility of various polymers can be produced freely.
© 2020 The Author(s). Published by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Carbon-based nanomaterials exhibit attractive properties,
and hence are used extensively for various applications [1].
Among these, two-dimensional graphene, which is a single
layer of sp2-hybrid carbon network, has gained significant
attention owing to its exceptional mechanical, thermal, and
electrical properties [2e4]. Graphene has been extensively. Baek), iyjeon79@wku.ac
by Elsevier B.V. This is
).investigated as a reinforcing additive to polymers such as
polyethylene (PE) [5e7], polypropylene (PP) [8e10], polyvinyl
chloride (PVC) [11,12], polystyrene (PS) [13e15], poly-
methylmethacrylate (PMMA) [16,17], polyurethane (PU)
[18,19], nylon [20,21], and epoxy resin [22].
However, scalable and cost-effective production of high-
quality graphene is important for its widespread commercial
applications. The most commonly used scalable method for.kr (I.-Y. Jeon).
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graphite into graphite oxide, which is then dispersed to form
graphene oxide (GO). After solution processing, GO is chemi-
cally and/or thermally converted into reduced graphene oxide
(rGO). Both GO and rGO contain topological defects (holes) and
a large number of oxygenated functional groups (chemical
defects) such as epoxy, hydroxyl, and carboxyl groups on both
the graphitic basal plane and edges [23e25]. These physical
and chemical defects deteriorate the graphitic structure and
properties of graphene. Furthermore, bulk GO and rGO exhibit
particle agglomeration owing to their high surface energy (e.g.,
polar interaction and van der Waals forces). GO and rGO are
not effective reinforcing additives for GO (and rGO)/polymer
nanocomposites [26]. Therefore, high-quality carbon-based
nanomaterials with good solvent and/or polymer matrix dis-
persibility are suitable for application as reinforcing additives
in carbon-based polymer nanocomposites. Hence, in order to
render graphitic materials suitable for reinforcing polymer
composites, their tedious post-functionalization is necessary
to achieve stable dispersions in solvents or the polymer ma-
trix [27e29]. For example, alkyl-functionalized GO or rGO
showed good dispersibility in non-polar organic solvents and
polymers [30,31]. Hence, the developing a method to synthe-
size high-quality graphitic materials with good solvent dis-
persibility is very important.
In this study, we developed a one-step scalable method to
produce graphitic nanoplatelets (GnPs) at low cost using a
mechanochemistry [32e34]. Edge-styrene graphitic nano-
platelets (StGnPs) were prepared directly by ball-milling
graphite in the presence of styrene without additional
chemical reaction. The StGnPs showed good chemical affinity
(good compatibility) to PS because of the presence of styrene
moieties at the edge of GnPs. Indeed, the StGnPs were well-
dispersible in organic solvents, especially, tetrahydrofuran
(THF). StGnP/PS nanocomposites were prepared easily via
solution processing method and these nanocomposites
exhibited considerably improved mechanical properties (e.g.
the tensile strength, yield strength, Young's modulus, and
tensile toughness) compared to pure PS.2. Experimental
2.1. Materials
Graphite was obtained from Alfa Aesar (Natural, 100 mesh,
99.9995% metals basis) used as received. Styrene (99%) was
purchased from Aldrich Chemical Inc. and used after
removing the stabilizer by using glass filter. All other solvents
were supplied by Aldrich Chemical Inc. and used without
further purification, unless otherwise specified.
2.2. Preparation of StGnPs
StGnPs were made in-situ from graphite and styrene by ball-
milling approach. Graphite (5.0 g) and styrene (10 ml)
without the stabilizer were placed into a stainless steel
reactor with stainless steel balls (500 g, diameter 5 mm). After
assembling reactor, the pump sucks air out through the
valve. The reactor was fixed in the planetary ball-mill, andthen spun at 500 rpm for 48h. After reaction, the product was
treated with 1 M aq. HCl to remove metallic impurities and
further eliminated clearly unreacted styrene via Soxhlet
extractor with acetone. Finally, the product, StGnPs, was
freeze-dried at 120 C under a reduced pressure
(0.05 mmHg) for 48h to yield 9.14 g (styrene content at least
4.14 g) of dark black powder.
2.3. Sulfonation of StGnPs
Chlorosulfonic acid (99%, 30 mL) was slowly added into the
StGnPs (1.0 g) and stirred without heating in the flask. After
12 h, the resultant product was poured into distilled water. It
was collected by filtration and further Soxhlet extracted with
distilled water to remove impurities. Final product was then
freeze-dried at 120 C under a reduced pressure (0.05mmHg)
for 48h to yield 1.11 g. Found: C, 73.69%; H, 2.40%; S, 2.07%; O,
18.34%.
2.4. Preparation of StGnP/PS nanocomposites
StGnP/PS nanocomposites were prepared by using solution
mixing method. To make StGnP/THF solution, the StGnPs
were dispersive in THF by using tip-sonication for 1 h. And
also, PS were soluble in THF at room temperature. To make
StGnP/PS/THF solution, StGnP/THF solution was dropped
into PS/THF solution. The mixed solution was stirred for
24 h. StGnP/PS/THF solution was poured slowly into glass
petri dish. THF was removed very slowly at 40 C (24 h),
50 C (24 h) and 60 C (24 h). Finally, the resultant nano-
composites were dried clearly under reduced pressure
(0.5 mmHg) at 70 C for 24 h. The contents of the StGnPs into
StGnP/PS nanocomposites were 0, 1, 2, 5, and 10 wt.%,
respectively. To measure mechanical properties of the pure
PS and StGnP/PS nanocomposite, we obtain a nano-
composite board that can be cut into dumbbell-shaped
test samples with the dimensions of 79.5 mm  4.3 mm 
0.23 mm (L  W  T).
2.5. Instrumentations
Elemental analysis (EA) was conducted with Thermo Sci-
entific Flash 2000. The field emission scanning electron
microscopy (FE-SEM) was performed on FEI Nanonova 230.
The surface area was measured by nitrogen
adsorptionedesorption isotherms using the Bru-
nauereEmmetteTeller (BET) method on Micromeritics ASAP
2504N. X-ray photoelectron spectra (XPS) were recorded on
a Thermo Fisher K-alpha XPS spectrometer. Themogravi-
metric analysis (TGA) was conducted on a TA Q200 (TA In-
strument) under air and nitrogen at a heating rate of
10 C mine1. Differential scanning calorimetry (DSC) ex-
periments were carried out using a DSC4000 (PerkinElmer)
at a heating rate of 10 C mine1 and same cooling rate. X-
Ray diffraction (XRD) patterns were recorded with a Rigaku
D/MAZX 2500V/PC with Cu0Ka radiation (35 kV, 20 mA,
l ¼ 1.5418 A). The tensile properties of raw PS and StGnP/PS
nanocomposites were measured at room temperature on a
universal testing machine, DR101 (DRTECH Co., Korea) at a
strain rate of 100 mm min1.
Fig. 1 e (a) Schematic for the direct preparation of the StGnPs via a mechanochemical reaction. SEM images: (b) the pristine
graphite; (c) StGnPs. Scale bars are 1 mm. (d) FT-IR spectra of the pristine graphite and the StGnPs.
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Edge-styrene graphitic nanoplatelets (StGnPs) were prepared
directly via a mechanochemical reaction between graphite
(<100mesh) and styrenewithout additional chemical reaction
(Experimental details are described in Supplementary Infor-
mation) (Fig. 1a). Before carrying out the reaction, the inhibitor
in styrene was removed. The StGnPs obtained after the reac-
tion were washed thoroughly with a 1 M aq. HCl solution to
remove the pulverized metal impurities present in them. The
unreacted styrene was completely removed by Soxhlet
extraction with acetone.
The morphologies of the samples before and after ball-
milling were examined by using field-emission scanning
electron microscopy (FE-SEM). The SEM image of the pristine
graphite showed thick layered flakes with a large grain size
(<150 mm) and sharp edges (Fig. 1b), while the StGnPs showed
small spherical particles with a dramatically reduced grain
size (<1 mm) and smooth edges. Themorphology of the StGnPs
was similar to those of previously reported GnPs (Figs. S1c and
S1) [32e34]. The tremendous decrease in the grain size of the
StGnPs as compared to that of the pristine graphite indicates
that the graphitic CeC bonds of graphite unzipped and active
carbon species (C) were generated during the reaction be-
tween graphite and styrene to produce the StGnPs. As a result,
styrene moieties are attached at the edges of StGnPs as form
of monomer and/or oligomers. The SEM energy dispersive X-
ray (EDX) spectrumof the StGnPs exhibited only C andO peaks
(Fig. S2b). The C and O contents of the StGnPswere found to be
90.05 and 9.95 at.%, respectively (Table S1). The C and O
elemental mapping images of the StGnPs are shown in Figs.
S2c and S2d, respectively. The presence of oxygen in the
StGnPs can be attributed to the physically adsorbed air-
moisture [35,36] and oxygenated functional groups (eOH,eCOOH, C]O, and so on), which were introduced during the
elimination of the remnant active carbon species.
Fourier-transform infrared (FT-IR) spectroscopy is gener-
ally used for the qualitative analysis (e.g., the functional
groups, isomers, hydrogen bonds, and so on) of organic ma-
terials. The FT-IR spectrum of the pristine graphite showed a
weak peak at 1632 cm1 corresponding to the vibration mode
of the adsorbed water molecules [32,37]. However, the StGnPs
showed an intense sp2 CeH stretch peak at 2924 and sp3 CeH
stretch peak at 2854 cm1 as well as an aromatic C]C stretch
peak at 1606 cm1 (Fig. 1d). These peaks confirmed the pres-
ence of styrene at the edges of the StGnPs. The StGnPs showed
a C]O stretch peak at 1684 cm1 and a CeO stretch peak at
1258 cm1 corresponding to the oxygenated groups intro-
duced during the work-up procedure [32,33,38]. This is
consistent with the SEM-EDX results.
To further confirm the grafting of styrene at the edges of
the GnPs, the StGnPs were sulfonated with chlorosulfonic acid
(ClSO3H), which can be selectively functionalized to the
phenyl ring of styrene [39,40]. The S content of the sulfonated
StGnPs was approximately 2.07 wt.%, indicating that a large
number of styrene units were present at the edges of the
StGnPs (Table S1 and Fig. S3).
The chemical compositions and bonding natures of the
samples were analyzed using X-ray photoelectron spectros-
copy (XPS) (Fig. 2a). The pristine graphite showed an intense
C1s peak and a weak O1s peak [41,42]. This result is consistent
with the SEM-EDX and FT-IR results [32,33,38]. The C1s peak of
the StGnPs could be deconvoluted into three peaks: sp2 CeC
(284.7 eV), CeO (285.7 eV), and C]O (289.0 eV) (Fig. S4a) [43],
and the O1s peak could be deconvoluted into two peaks: C]O
(532.5 eV) and CeO (533.6 eV) (Fig. S4b) [43].
The specific surface areas (SSAs) of the samples were
measured by obtaining their N2 adsorption/desorption iso-
therms using the BrunauereEmmetteTeller (BET) method.
Fig. 2 e (a) XPS survey spectra of the pristine graphite and the StGnPs. (b) N2-adsorption/desorption isotherms at 77 K of the
pristine graphite and the StGnPs. TGA thermograms of the pristine graphite and the StGnPs obtained at the heating rate of
10 C mine1: (c) in air; (d) in N2.
j o u r n a l o f m a t e r i a l s r e s e a r c h and t e c hno l o g y 2 0 2 1 ; 1 0 : 6 6 2e6 7 0 665The SSAs of the pristine graphite and the StGnPswere 2.78 and
535.69 m2 g1, respectively (Table S2). The significantly large
surface area (193 times larger than that of the pristine
graphite) of the StGnPs indicates that they were delaminated
into a few graphitic layers because of the presence of styrene
units at the edges. The number of graphitic layers in the
StGnPs was estimated to be 4.9 (average) using the theoretical
SSA of a single graphene layer (2630 m2 g1, 2620/535.69) [44].
Furthermore, the StGnPs showed type-I isotherm and type-H3
hysteresis (P/P ¼ 0.5e1.0) (Fig. 2b), indicating the presence of
micropores and plate-like structure or slit-shaped pores [45].
Thus, when the StGnPs were used as a reinforcing additive to
PS, high-performance StGnP/PS nanocomposites were ob-
tained. The enhanced performance of the StGnP/PS nano-
composites can be attributed to the high SSA, edge-styrene
grafting, micropores, and plate-like structure of the StGnPs.
The quantitative edge-functionality of the StGnPs was
examined by carrying out their thermogravimetric analysis
(TGA). The pristine graphite was stable up to 750 C in air. On
the other hand, the StGnPs showed a sharp weight loss of
34.3 wt.% at around 314 C (Fig. 2c). This can be attributed to
the covalently attached edge-functional groups such as sty-
rene and other oxygenated functional groups (e.g., eCOOH,
eC]O, and eOH) present in the StGnPs. The char yields of the
pristine graphite and the StGnPs at 1000 C in air were 23.7 and
1.3 wt.%, respectively (Fig. 2c). However, their char yields in N2
were 99.1 and 82.3 wt.%, respectively (Fig. 2d). This indicates
that the styrene moieties at the edges of the StGnPs acted as
feedstock for C-welding to sustain a high char yield in the
presence of nitrogen [46].The degree of exfoliation of the StGnPs could be further
estimated using XRD (Fig. S5). The pristine graphite showed
sharp peaks at 2q¼ 26.5 (002) and 54.7 (004) corresponding to
the C-axis direction perpendicular to the layer planes of
graphite [47,48]. However, the StGnPs showed only the peak at
2q ¼ 26.5 (002). The intensity of the (002) peak in the case of
the StGnPs was only 0.7% of that in the case of the pristine
graphite. This decrease in the intensity of the (002) peak and
the disappearance of the (004) peak in the case of the StGnPs
indicate a large extent of exfoliation in the StGnPs. On the
basis of the XRD and SSA results, it can be stated that the
edge-styrene grafting of the pristine graphite using ball-
milling induced the unzipping of graphitic CeC bonds,
generating active carbon species (C), which caused the
delamination of the graphitic layers.
The StGnPs showed excellent dispersibility in various sol-
vents such as H2O, tetrahydrofuran (THF), N,N-dime-
thylformamide (DMF), N-methyl-2-pyrrolidone (NMP),
dichloromethane (CH2Cl2), and diethyl ether (Fig. S6). Thus,
the StGnPs showed a huge potential to be used as a reinforcing
additive to polymer nanocomposites. StGnP/PS nano-
composites could be easily prepared by a solution process in
THF and uniform distribution of StGnPs in the PSmatrix could
be confirmed using high-resolution transmission electron
microscopy (HR-TEM, Fig. S7).
Polystyrene (PS) is a widely used thermoplastic and can be
easily processed into a large number of semi-finished prod-
ucts including foams, films, and sheets [49,50]. The StGnPs,
which showed good compatibility with PS because of their
high styrene concentration, were used as a reinforcing
Fig. 3 e (a) Stressestrain curves of pure PS and the StGnP/PS nanocomposites; (b) Tensile strength and Young’s modulus of
pure PS and the StGnP/PS nanocomposites. SEM images of the fractured surfaces after the tensile test: (c) pure PS and (d)
StGnP/PS-5 nanocomposite.









PS 5.40 ± 0.84 549.2 ± 75.4 2.42 ± 0.45 0.40 ± 0.12
StGnP/PS-1 6.73 ± 2.38 668.9 ± 118.0 2.64 ± 1.48 0.43 ± 0.27
StGnP/PS-2 9.52 ± 1.28 677.3 ± 93.7 2.95 ± 0.54 0.98 ± 0.16
StGnP/PS-5 11.54 ± 0.84 809.4 ± 133.3 3.67 ± 0.52 0.89 ± 0.15
StGnP/PS-10 8.70 ± 0.75 663.7 ± 69.7 2.96 ± 0.27 1.09 ± 0.29
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additive) improved the mechanical properties of PS due to
their good dispersibility in the PS matrix. Moreover, the
StGnPs exhibited efficient load transfer and outstanding me-
chanical properties.
Tensile tests were carried out on solution-cast and molded
specimens of pure PS and the StGnP/PS nanocomposites
(StGnP loading ¼ 1, 2, 5, and 10 wt.%) (Fig. S8). The
stressestrain curves of pure PS and the StGnP/PS nano-
composites are shown in Fig. 3a. The plateau of the StGnP/PS
nanocomposites in stressestrain curves are associated with
yield point of the pure PS as can be seen in Fig. 3a [51]. The
mechanical properties including the tensile strength, Young's
modulus, yield strength, and elongation at break of the
nanocomposites depended on their StGnP contents. As can be
observed from Fig. 3b and Table 1, the tensile strength,
Young's modulus, yield strength, and tensile toughness of the
StGnP/PS nanocomposites were significantly higher than
those of pure PS (5.40, 549.2, 2.42, and 0.40 MPa, respectively).
The mechanical properties of the nanocomposites improvedwith an increase in their StGnP loading. The best mechanical
properties were obtained at the StGnP loading of 5 wt.% (Table
1). The StGnP/PS-5 nanocomposite showed the highest tensile
strength (11.54 MPa), Young's modulus (809.4 MPa), yield
strength (3.67 MPa), and tensile toughness (0.89 MPa) among
all the samples. The tensile strength, Young's modulus, yield
strength, and tensile toughness of the StGnP/PS-5 nano-
composite were 113.7, 47.4, 51.7, and 122.5% higher than those
of pure PS, respectively. In addition, the StGnP/PS-5 nano-
composite showedmuch higher tensile strength than the GO/
PS nanocomposites reported previously (Table S3).
The significantly enhanced mechanical properties of the
StGnP/PS nanocomposites as compared to those of pure PS
can be attributed to the molecular-level dispersion of the
StGnPs in the PS matrix, which resulted in strong interfacial
adhesion between PS and the styrene moieties at the edges of
the StGnPs with a large SSA. Thus, the applied stress could be
efficiently transferred from PS to the StGnPs, which improved
themechanical properties of the nanocomposites. In addition,
p-p interactions between StGnPs and PS improved the
Fig. 4 e SEM images of the cryo-fractured surfaces of the specimens: (a) pure PS and (b) StGnP/PS-5 nanocomposite. SEM
images of the fractured StGnP/PS-5 nanocomposite after heat-treatment at 100 C in N2: (c) low-magnification; (d) high-
magnification.
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ings of more than 10 wt.% deteriorated the mechanical prop-
erties of the StGnP/PS nanocomposites. This indicates that the
maximum compatibility of the StGnPs with the PS matrix was
achieved at the StGnP loadings less than 10 wt.%. However,
the mechanical properties of the StGnP/PS nanocomposites
were superior to those of pure PS even at the StGnPs loadings
of more than 10 wt.%. The deterioration of the mechanical
properties of the nanocomposites at high StGnP loadings can
be attributed to the agglomeration of excess StGnPs in the PS
matrix [52]. The tensile toughness (area of the SeS curve,
elongation to break) of the StGnP/PS nanocomposites
improvedwith an increase in the StGnP loading because of the
sliding effect of the StGnPs with a few layers along the direc-
tion of the applied stress (Fig. S9). The mechanical perfor-
mance results of the StGnP/PS nanocomposites revealed that
the StGnPs were uniformly dispersed in the PS matrix and
showed strong interaction with it, allowing an efficient load
transfer [52,53].
To further investigate the role of the StGnPs in improving
the mechanical properties of PS, the morphologies of the
fracture surfaces of the StGnP/PS nanocomposites subjected
to the tensile tests were examined. The FE-SEM images of the
fracture surfaces between pure PS and the StGnP/PS-5 nano-
composites were compared. Pure PS showed a smooth and
even fracture surface (Fig. 3c), indicating that the sample
failed sharply at low stress after little elongation. In contrast,
the StGnP/PS-5 nanocomposite displayed a rough and ravine-
like fractured surface (Fig. 3d), indicating that its film broke
gradually after the accumulation of stress because of an effi-
cient load transfer from PS to the StGnPs. Therefore, the
outstanding mechanical properties of the StGnP/PSnanocomposites can be attributed to the uniform dispersion
of the StGnPs in the PS matrix and the strong interaction
among them.
The cryo-fractured specimens of the samples were further
examined to investigate the relationship between their me-
chanical properties and morphologies (Figs. 4a, b, and S10).
The fractured surface of StGnP/PS-5 (Fig. 4b) was much
rougher than that of pure PS (Fig. 4a). In addition, the
agglomeration of the StGnPs was not observed (Fig. S10) in the
case of the StGnP/PS-5 nanocomposite, indicating that the
StGnPs were uniformly dispersed and completely coated with
the PS matrix (sky blue arrows in Figs. S10b and S10d). The
formation of a rough fracture surface can be attributed to the
multi-dimensional structure of the stitched hybrid filler and
the comparatively soft polymer chain of the stitching
segment, which enhanced the load transfer from the PS ma-
trix to the StGnPs. To further confirm the uniform dispersion
of the StGnPs in the PS matrix, the fractured specimen of
StGnP/PS-5 was annealed at 100 C in N2 and then its SEM
images were obtained. As expected, the SEM images showed
that the StGnP/PS-5 specimen had a wart-like morphology
(Fig. 4c) and the StGnPs were coated heavily with PS (Fig. 4c),
confirming the high degree of dispersion of the StGnPs in the
PS matrix. The high styrene concentration of the StGnPs
significantly improved their affinity to the PS matrix and their
dispersibility in it, thus improving the mechanical properties
of the nanocomposites.
The thermal stability of the StGnP/PS nanocomposites and
pure PS was evaluated by carrying out their TGA in air. The
TGA profiles revealed that the StGnPs efficiently improve the
thermal stability of pure PS. The degradation temperature
(Td10%) at 10 wt.% weight loss of pure PS was 315.4 C. On the
Fig. 5 e (a) TGA curves of pure PS and the StGnP/PS nanocomposites at the heating rate of 10 C min¡1 in air. DSC curves of
pure PS and the StGnP/PS nanocomposites at the ramping rate of 10 C min¡1 in N2: (b) 1st heating; (c) 1st cooling; (d) 2nd
heating.
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the StGnPs loadings of 1, 2, 5, or 10 wt.% were 332.9, 334.7,
394.7, or 349.1 C, respectively. The thermal stability of pure PS
improved significantly with the incorporation of the StGnPs
(Fig. 5a). Among all the nanocomposites, StGnP/PS-5 showed
the highest increase in the Td10% (79.3 C). The enhanced
thermal stability of the StGnP/PS nanocomposites can be
attributed to the very high aspect ratio of the well-dispersed
StGnPs in the PS matrix, preventing the evolution of small
thermally degraded gaseous molecules.
The relaxation behaviors of the functionalization groups
grafted to a solid surface (e.g., StGnPs) are distinctively
different for free and entangled chains. This unique difference
can be used to identify the type of interaction between a
polymer and solid additive (filler). The segmental dynamics of
polymers is essentially cooperative and is strongly affected by
additives. The glass transition temperature (Tg) is a macro-
scopic indication of the relaxation behavior of nano-
composites, and itsmagnitude depends onmultiple structural
parameters. Differential scanning calorimetry (DSC) mea-
surements were carried out to quantify the changes in the Tgs
of the samples (Fig. 5b, c, and 5d). The Tg of the StGnP/PS
nanocomposites increased significantly with an increase in
the StGnP loading because of the strong interaction between
the StGnP sheets and PS chains. However, in the first heating
scan, only StGnP/PS-10 showed a Tg (75.1 C) less than that of
pure PS (80.5 C) (Fig. 5b) because of its large free volume (void)
due to excess StGnP aggregates [54]. At temperatures higher
than 210 C, the Tg of the samples increased gradually with anincrease in the StGnP loading during both the first cooling
(Fig. 5c) and second heating scans (Fig. 5d).4. Conclusions
In summary, we prepared directly StGnPs via a mechano-
chemical reaction between graphite and styrene without
additional chemical reaction. The structure of the StGnPs was
examined using various analytical techniques, including SEM,
FT-IR, EDS, XPS, TGA, and XRD. Especially, the StGnPs showed
good dispersibility in common organic solvents (e.g., THF) and
high compatibility with PS because of the chemical similarity
between the styrene moieties on the StGnPs and PS. StGnP/PS
nanocomposites with various StGnP loadings were prepared
easily by solution process method. The nanocomposites
showed outstanding mechanical properties and thermal sta-
bility compared to pure PS. The StGnP/PS nanocomposite with
5 wt.% StGnP loading demonstrated the best mechanical and
thermal properties among all the nanocomposites. The tensile
strength, Young's modulus, yield strength, and tensile
toughness of the StGnP/PS-5 nanocomposite were 113.7, 47.4,
51.7, and 122.5% higher than those pure PS, respectively. The
findings of this study suggest that owing to their excellent
mechanical and thermal properties and cost-effectiveness
GnPs with various functional groups (e.g., styrene in this
work) can be used as promising reinforcing additives for
various polymers. The results obtained in this study demon-
strate the potential of the mechanochemical reaction as an
j o u r n a l o f m a t e r i a l s r e s e a r c h and t e c hno l o g y 2 0 2 1 ; 1 0 : 6 6 2e6 7 0 669efficient approach to functionalize the edges of graphitic
materials with various target groups for application as rein-
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